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METHODS FOR PEPTIDE AND PROTEIN DISPLAY IN NUCLEIC ACID 
ARRAYS 

5 FIELD OF THE INVENTION 

The present invention relates to a display virion and methods of creating a nucleic acid 
based protein display array, where a diverse population of peptides or proteins is 
displayed and the use thereof. 

10 BACKGROUND OF THE INVENTION 

Recent advances in array technology have led to high through-put analysis of gene 
expression at the level of transcription. To achieve fimctional array based genomics, 
however, the proteins encoded by the genes in the arrays should also be present and 
displayed and presented (Cahill, 2000, Irving and Hudson, 2000). ). Although it is 

15 expected that a well-defined protein array would be a powerful tool in better 
understanding the mechanisms in a cell, organ and organism, it has proven very difTicult 
to reproducibly manufacture large protein microarrays (Mitchell, 2002). Many different 
qsproaches have been considered and tested, without being able to duplicate the easy 
and power of the more established DNA microarray technology. The present invention 

20 overcome these challenges by utilising the already established DNA microarray 
technology in a method where the protein encoded by the gene is indeed present, 
displayed and presented. This has been made possible by taking advantage of a 
published observation (Chattoraj and Inman, 1974, Thomas, 1974) that certain virus are 
able to release their chromosome from their capsids while remaining covalently 

25 attached to their tail or head and combine this observation with phage display and 
nucleic acid array technologies. By inserting an exogenous nucleic acid encoding a 
product into the virus genome, it is possible to achieve a covalent attachment between 
the exogenous nucleic acid and its encoded product. The present invention provides 
thereby a new and more simple method in creating a nucleic acid based protein display 

30 array. 

Nucleic acid array primarily DNA arrays, may contain thousands of individual nucleic 
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acid addressable entries on a small surface (as small as one square cm) fabricated by 
robotic procedures involving fine mechanics and special chemistries. Phage display is a 
process by which a peptide or a protein is expressed - almost invariably as an exterior 
fusion to the surface protein of the phage particle in such a way that the peptide or 
5 protein sequence can be deduced from the coding DNA or RNA sequence residing in 
the phage particle or its transductant. 

US Patent No: 6,207,446 describes methods for selection of protein molecules that 
make use of RNA-protein fusions, where a microchip comprises an array of 
10 immobilized single stranded nucleic acids, wherein said nucleic acid is being hybridised 
to RNA-protein fusions. 

US Patent No: 6,194,550 describes a method called SPERT (Systemic Polypeptide 
Evolution by Reverse Translation), where a single stranded nucleic acid is immobilised 
15 on a solid support. A ribosomal complex is added and the protein corresponding to the 
immobilised gene sequence is then synthesized. The ribosome complex is removed and 
the solid support contains an immobilized nucleic acid-protein complex. 

The present invention differs from prior approaches in that the proteins/peptides 
20 encoded by any nucleic acid sequence in the arrays are present and presented without 
the extra steps of transcription and translation of the cDNA on the array, since the 
present invention creates a protein display array as if the proteins had been formed by 
transcription and translation of the cDNA in the original library array. But instead the 
transcription and translation of the cDNA occurred during the propagation of the phage 
25 library. 

Current protein array assemblies involve automation by mechanical and chemical 
deposition of proteins in array formats in (de Wildt et al. 2000, MacBeath and Schreiber 
2000). In these cases the proteins may become disrupted or changed when bound to the 
30 solid array surface. The hybridisation step according to the present invention avoids this 
problem by leaving the protein/peptid displaying virion scaffold in solution. 
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SUMMARY OF THE INVENTION 

The present invention relates to a display virus and methods for producing coded 
5 nucleic acid arrays which display a diverse population of peptides or protein. The 
nucleic acid coded protein or peptide display arrays described in the present invention 
can be used in functional genomics, proteomics and in protein or peptide identification 
of relevance for the exploration of therapeutic drugs as well as for search of new 
diagnostic procedures. The present invention also relates to a kit comprising the display 
10 virus complex. 

The nucleic acid coded protein or peptide display array technology described here has 
the important features of self-assembly and auto-addressing a protein product to its gene 
while keeping the displayed protein/peptide in solution. The array can be reused after 
15 removal of the hybridised DNA-virion-fusion complexes by nucleic acid denaturation. 

BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1 A provides an electronic microscope picture of a phage P4 naked DNA-virion 
20 protein complex. 

Fig. IB depicts electron microscope picture of Lambda tail : : DNA complexes. 
Fig. IC provides a drawing of ss-DNA tail complex displaying a protein. 

Fig. 2 depicts a drawing of a magnification of one display virion unit in the process of 
25 being deposited by hybridisation in a DNA-airay after DNA:DNA hybridisation in the 
array. The bottom drawing shows a virion-DNA display complex hybridising to a 
DNA-Array entry. 

Fig.3 depicts Lambda chromosome release from the particle and its simultaneous cross- 
30 linking to the tail/head protein components. An equal amount of Lambda particles in 
NaCl-EDTA buffer (0.02M NaCl, 0,005M Na2EDTA (pH 7.4)) were disrupted by 
addition of high-pH buffer (pH 9) (0,068 M Na2C03, 0.0107 M NaiEDTA, Chattoraj 
and Inmann, 1974) for two hours in the absence (lane 2) and presence of 10% HCHO 
(lane 3) and subjected to gel electrophoresis (0,7 %) for two hours. The same amount of 
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untreated particles are present in lane 1 (poorly stained) Lambda DNA in lane 4 serves 
as a reference. 

5 Fig. 4 provides an asymmetric release of Lambda DNA chromosomes from Lambda 
phage particles 

Fig. 4 A provides a drawing of Kpnl treated Lambda DNA: : tail/head complexes. 

10 Fig. 4 B and C provides an agarose gel of Kpnl treated Lambda DNA: : tail/head 
complexes, wherein 4C depicts the same agarose gel ran for 5 hours longer. 
The presence of different HCHO concentrations are shown. 

15 Fig. 5 depicts autoaddressing Lambda protein display in a DNA array format 

Arrays ofaltemating heat denatured Lambda DNA ) and 0X174 RF-DNA P )(0,5 
ug) hybridized with: 

A. Lambda protein-naked DNA complexes untreated with exo-III nuclease as probe. 

B. Lambda protein-naked DNA complexes treated with Lambda exo-III nuclease as 
20 probe. 

C. In the absence of Lambda protein-naked DNA complexes (no probe). 

Lambda and 0X174 DNA in the array = 0.5 ug/spot, Lambda::DNA probe 
corresponding to 10^ particles Exo-III treatment for 2 hours. Hybridisation over night at 
65 degrees 

25 

Fig. 6 depicts display of Lambda proteins in a DNA array format. 

Fig 7 depicts display of Lambda proteins in a DNA array format as a function of probe 
concentration. 

30 

Fig. 8 provides a covalent linkage plan of naked DNA display complex in a synthetic 
oligo nucleotide array. 



35 
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5 

DEFINITIONS 

As used herein, the term "virion" refers to virus particles exemplified by bacteriophages 
As used herein, the term "naked DNA" or "naked nucleic acid" refers to the firee 
bacteriophage DNA released from the virion. However, it could still comprise proteins 
5 and/or other biomolecules. 

As used herein, the term "naked DNA tail/head complexes" refers to the 
released and naked bacteriophage DNA attached to the virion proteins making 
up the "tail" and the "head". 

As used herein, the term "naked nucleic acid virion protein display" denotes 
10 the naked DNA tail/head complexes displaying a peptide or protein. 

As used herein the term "virion: tprotein** is defined as virion displaying a 
peptide or protein. 

As used herein the term DNA virion fusion complexes refers to the naked 
DNA tail/head complexes displaying a peptide or protein 
15 As used herein the term "cis-capture" is defined as the linking of 

peptide/protein or a protein complex to the very same template that encoded 
these protein entities. 

20 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a display virus and methods for producing naked 
nucleic acid arrays which display a diverse population of peptides or protein, where said 
naked nucleic acid comprises exogenous nucleotide sequence(s) coding the 
25 protein/peptide. The nucleic acid coded protein or peptide display arrays described in 
the present invention can be used in functional genomics, proteomics and in protein or 
peptide identification of relevance for the exploration of therapeutic drugs as well as for 
search of new diagnostic procedures. 

The present invention also relates to a kit comprising the display virus complex 

30 

The present invention describes methods for protein/peptide display in nucleic acid 
arrays by integrating phage display in array formats e.g. a chip array format. The 
method takes advantage of a published observation (Chattoraj and Inman, 1974) that 



wo 03/078628 




PCT/NO03/00088 



6 

after specific treatments, more than 95 % of the chromosomes of certain phages (e.g. 
Lambda, 186, P2 and P4) can be released naked from the phage capsids while remaining 
covalently attached - by one of their ends (always the same end) - to the top of their 
respective tail sometimes associated with the head (here referred to as a naked nucleic 

5 acid-virion protein complex and exemplified by phage P4 (Lindqvist unpublished 
observation, fig. I). This observation makes it possible to generate naked nucleic acid- 
virion protein display complexes in which the individual nucleic acid template is freely 
and covalently linked to the very same virion proteins it coded for. This cis-capture of 
the virion proteins by its naked nucleic acid template makes it possible to use the 

10 converted phage display libraries in combinatorial display array formats. This can be 
achieved by allowing the naked nucleic acid-virion protein display complexes to be 
deposited by nucleic acid hybridisation to their corresponding mRNA or cDNA which 
separately have been prepared and used for the fabrication of a nucleic acid array. The 
hybridisation step will therefore fijnction as a 'search engine' and a 'delivery robot' by 

15 automatically positioning the protein to its own gene (sometimes related gene due to 
cross hybridisation) in the array by gently depositing the virion protein display complex 
to the solid surface. This procedure thus creates a protein display array as if the proteins 
had been formed by transcription and translation of the cDNA in the array. Instead the 
transcription and translation of the cDNA occured during the propagation of the phage 

20 library in E, coli. 

In addition to arrays deposited two-dimensionally on e.g chips, the technology can also 
be used to deposit proteins in three dimensional arrays on particles in solution. 
Altematively, the screening of ligands to the various proteins displayed on the virion 
25 could occur in solution, followed by capture of the complex by hybridisation of DNA 
strand in the naked nucleic acid virion protein display to the complementary DNA 
strand on either a DNA chip or on coated beads. Such solution-based interaction will 
enhance the speed and easy with which such interaction could occur. 

30 

Creating a nucleic acid based protein display array 

In a preferred embodiment Lambda is applied since Lambda can display fimctional 
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proteins fused both to its tail or head, by utilizing the V or the D proteins respectively 
(Maruyama et al. 1994, Dunn, 1995, 1996, Sternberg and Hoess 1995, Mikawa et al. 
1996). V consists of 246 amino acids and it is present as 192 copies in the form of 32 
hexameric discs. Since the most efficient chromosome cis-capture occurs with the tail 

5 under the present protocols. Lambda particles displaying a library of peptides or cDNA 
encoded proteins fused to the C-temiinal part of the major tail protein V are used for the 
conversion into naked nucleic acid-virion protein display complexes. Certain Lambda 
mutants defective in termination of tail assembly form polytails, if functional in the 
assembly of particles, such polytails may be used to enhance the display capacity of 

10 phage array display. 

A protein display array can then be created, where samples of individual phage stocks 
are used or individual plaques originating from a phage display library are picked and 
then treated to yield pure naked DNA-tail/head display complexes followed by their 

15 deposition in an array format by specifically cross-linking the DNA part to a solid 
support. The tail will then function as a giant free moving scaffold in which peptides or 
proteins fused to the V protomers are displayed. The steps of array assembly should be 
amendable to automation in a similar way described by de Wildt et al. (2000) or 
MacBeath and Schreiber (2000). The nature of any protein in the array interacting with 

20 a defined target or displaying a measurable function can easily be deduced by 
sequencing its stored phage replica, a procedure which would not differ from that used 
in standard phage display. 

Another preferred embodiment is to hybridise the naked DNA-tail/head display 
25 complexes against a complementary cDNA library array or a synthetic oligonucleotide 
array, in such a way that each member of the peptide/protein library will hybridise to its 
homologue cDNA sequence if present in the array (Fig 2). In order to avoid cross- 
hybridisation the cDNA present in the array should be a part of a vector other than 
Lambda. Before hybridisation, however, the DNA bound to the tail/head has to be made 
30 single stranded by exonucleases such as either exoITI (3') or Lambda exo (5') 
degradation, one of the ends of the chromosome is hidden in the tail which protects it 
from exo-nuclease attack. This treatment generates ssDNA-tail/head display complexes 
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as well as removes free DNA which failed to m-capture the tail/head display complex. 
Since the phage library is amplified after its construction, a variable number of copies 
(the size of which will depend on the size of the library and the relative frequency of the 
individual mRNA/cDNA molecules converted to display format) of each unique DNA- 
5 tail/head display complex should be present and accessible for hybridisation. Again, the 
DNA-DNA hybridisation step will therefore function as a 'search engine* and a 
•delivery robot' by automatically positioning the protein to its own (or related) gene in 
the array by gently depositing the tail/head display complex to the solid surface. This 
procedure thus creates a protein display array as if the proteins had been formed by 

10 transcription and translation of the cDNA in the original library array. But instead the 
transcription and translation (assuming an equal and constant translation of the cDNA 
during the phage propagation, the protein deposited in each position of the array should 
reflect the relative frequency of mRNA molecules in the cell at the time of harvest and 
not necessarily the protein amount) of the cDNA occured during the propagation of the 

IS phage library. 

The efficiency of display in the array will be a function of the ratio between the size of 
the library and the number of cDNA clones in the array. If an array consists of 1000 
cDNA clones originating from an organism of approximately 5000 genes the DNA- 

20 tail/head display library must carry a cDNA representative of each of those genes in 
order to be fully "expressed". The Lambda V display vectors should easily handle up to 
10^ independent clones and a 5x10^ cDNA library can be made to consist of up to 10® 
copies or more of each cDNA clone after amplification. Therefore, each cDNA spot in 
the array can potentially contain up to 10^ or more copies of its encoded protein 

25 (assuming that one to two protein molecule are expressed as a fusion of V per particle). 
This is known to be the case for functional proteins expressed as fusions of V whereas 
peptides can be expressed as fusions of each V protomer (Maruyama et al 1994, Dunn, 
1995, 1996) thereby increasing the presentation by a factor by 192 in each spot. In 
either case the amount of displayed peptide/protein in each spot will fall in the pg and 

30 sub-pmole range. 
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The present invention comprises a display virus complex exposing a naked nucleic acid 
comprising exogenous nucleic acid and its encoded peptide or polypeptide. The 
invention also relates to a a method of preparing covalently linked naked nucleic acid- 
protein display complexes from said virus particles, comprising at least the steps of: 

5 a) treating a freshly prepared virus preparation with cross linking chemical 

agents producing covalently linked naked nucleic acid-virus protein display complexes, 
b) coupling of the naked nucleic acid-virus protein display complexes 
to a solid support, by hybridising of the naked nucleic acid-virus protein display 
complexes against a complementary nucleic acid sequence in a array format and where 

10 said hybridisation leads to positioning the displayed protein/peptide to its own gene or 
related gene(s). Said coupling in b) can also be is perfonned by chemical cross linking 
agents to a solid support. The present invention relates fiirther to use of the method and 
a kit comprising the virus display complex. 

IS Use of the method 

The nucleic acid coded protein or peptide display arrays described here can be used in 
functional genomics, proteomics and in protein or peptide identification of relevance for 
the exploration of therapeutic drugs as well as in the search for new diagnostic 
procedures. The array can be reused after removal of the hybridised DNA-virion-fusion 

20 complexes by nucleic acid denaturation. The naked nucleic acid-virion protein display 
complex can also be used as a scaffold for bi-functional display after nucleic acid 
hybridisation of two different display complexes. 

Results 

25 Cis-capture of the phage chromsome to its tail/head components. 

Of the phages known to be amenable to chromsome release and cis-capature by the 
tail/capsid components, only phage Lambda has been developed for peptide as well as 
c-DNA display (Lindqvist, unpublished). P4 has only been shown to function in the 
30 presentation of a c-myc peptide by the capsid component Psu as a display module. 

To achieve chromosome release and its covalent cis-capture to the tail/head 
components. Lambda particles - typically 2xlO" in NaCl-EDTA buffer were mixed 
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with high-pH buffer (pH 9) as described by Chattoraj and Inman (1974) and kept for 
two hour at 40 degrees in the presence of the cross-linking agent HCHO (10% final 
concentration). After agarose gel electrophoresis of the samples (figure 3), the vast 
majority of the DNA of the HCHO treated particles remain in the well as 
5 DNA::tail/head complexes (lane 3) while the DNA of the HCHO untreated particles 
migrate as a fi-ee Lambda DNA band (lane 2) as compared to a Lambda DNA marker 
(lane 4). Intact Lambda phage particles remain in the well and only weakly respond to 
the ethidium bromide staining (lanel). These results are consistent with the observations 
of Chattoraj and Inman (1974) that HCHO treatment leads to covalent cis^capture of-the 
10 Lambda chromosome to the tail/head components. For further use the complexes are 
dialysed against water. 

To demonstrate the presence of released DNA in the HCHO generated DNA::tail/head 
complexes and to monitor the orientation of the chromosome release, restriction enzyme 
Kpnl was used to cut the naked Lambda DNA as outlined in Figure 4A. Prior to cutting 
the DNA::tail/head complexes were dialysed against water for 30 minutes. 
After agarose gel electrophoreses of samples treated with 1, 5 and 10 % HCHO 
respectively two bands could be seen migrating in 4 B while roughly half of the material 
was retained in the wells. The fastest moving band corresponds to the small central 
Kpnl fragment. This band diss^peared after further electrophoreses while the slow 
moving band in 4 B was split into two bands in 5 C (Kpnl treated Lambda DNA 
control, right). In all three cases (1, 5 and 10% HCHO treatment) the fastest moving 
band in 4 C was the most abundant demonstrating the directed release of the Lambda 
chromosome as outlined in 4 A and originally reported by (Chattoraj and Inman 1974 
and Thomas 1974). 

Hybridisation of the Lambda DNA::tail/head complexes in a Lambda DNA array 

The DNA array is prepared by addition of alternating ss-DNA of Lambda and 0X174 
30 as described in fig 5. Heat denatured Lambda or 0X174 DNA were spotted in an 
alternating pattern on a nitrocellulose filter and baked by heat-treatment at 80 degrees 
for one hour. Roughly 10^ of Lambda:: naked DNA display complexes were added to a 
total volume of two and a half ml hybridisation solution and incubated in a 



20 
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hybridisation owen at 65 degrees over night. The DNA part of the Lambda 
DNA::tail/head complex was made single-stranded by exo-III treatment for two hour at 
37 degrees prior to hybridisation. Display of Lambda proteins in the array was 
monitored by phage Lambda poly-clonal antibodies produced in a rabbit. Rabbit 

5 specific anti-G antibodies conjugated with horse-radish peroxidase was used as a 
secondary antibody in combination with the ECL visualization system of Amersham 
Biotech. For each step (hybridisation and protein detection) blocking of the filter was 
necessary. The 0X174 DNA serves as a control of the hybridisation specificity and 
addressable array format. In figure 5 the array filter A and B were thereby provides a 

10 demonstration of Lambda protein display in an auto-subjected to hybridisation with 
roughly lO' DNA::tail/head complexes each. The only exception being that the probe 
present in A was not treated with exo-m. Hence neither hybridisation nor Lambda 
protein display is to be expected in A. In B, however, the Lambda DNA was made 
smgle-stranded by exo-in treatment. If the exo-m treatment works hybridisation and 

15 display of Lambda tail/head proteins should occur. No Lambda:: tail/head probe was 
added to filter C that functions as a background control. 

The result shown in figure 5 demonstrates clearly: 1 . an acceptable background level in 
4 C, 2. The auto-addressing of Lambda proteins to the Lambda DNA spots, in the 5 B 
20 array and 3. an absolute requirement for ss-DNA for this to occur (compare 5 A and 5 
B) (this result also demonstrates the effectivness of exo-m treatment in providing ss- 
DNA). 

In figure 6 a nitro-cellulose filter with 0.9 to 0.03 ug of Lambda and 0X174 DNA 
25 respectively was subjected to ss-Lambda DNA::tail/head probe hybridisation. As can be 
seen a concentration dependent Lambda specific DNA hybridisation has occurred. 
Hence - a limiting amount of 0.03 ug Lambda DNA (or perhaps less) is required in the 
spot to detect display of Lambda protein under these conditions. In figure 7 A, 0.5 ug 
Lambda DNA in each spot is hybridized with 10^, 2.5x10* and 5x10^ Lambda 
30 DNA::tail/head complexes respectively. In figure 7 B, different amounts of ss-Lambda 
DNA::tail/head probe were spotted on a separate nitro-cellulose filter to create a 
standard curve (the DNA::tail/head complexes in the spots correspond to 5x10^, 



wo 03/078628 




PCT/NO03/00088 



12 

2.5x10^, 5x10^, 5xlO^ 5x10"^ 5x10 ^ pfu equivalents respectively) and the Lambda 
proteins were detected simultaneous with those deposited after hybridisation (figure 7 
A). By comparing the intensities of the spots it can be estimated that the efficiency of 
hybridisation - under current conditions - corresponds to in the order of 0.1 %. This 
5 efficiency should be possible to improve to 10% by using ten times more probe 
equivalents and by decreasing the hybridisation volume to 250 ul. 



10 Discussion 

The technology platform 

The technology platform described here relates to peptide and protein display in nucleic 
15 acid array formats. By a simple trick virion displayed peptides or proteins can be 
integrated and presented in a nucleic acid array format. This is done by generating 
naked nucleic-acid:: virion protein display-complexes in which the individual nucleic 
acid template is freely and covalently linked to the very same virion proteins it coded 
for. This cis-capture of the virion proteins by its naked nucleic acid template will make 
20 it possible to use phage display libraries in combinatorial display array formats. The 
naked nucleic acid part of the virion protein display complexes is deposited in an array 
format by hybridisation to their corresponding mRNA/cDNA/genomic DNA that 
separately had been prepared and used in the array fabrication. The hybridisation step 
will therefore function as a 'search engine* and a 'delivery robot* by automatically 
25 positioning the protein to its own gene - as if the gene had been translated in the array 
instead of during the lytic propagation of the phage. The virion proteins (tail/head) will 
remain in solution anchored by nucleic acid complementarity and function as a display- 
scaffold for the particular peptide or protein. The amount of display is estimated to be in 
the pico- to nanogram range. 



30 
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On the formation of the linkage between the display complex and the array spot as a 
result of DNA-DNA hybridisation. 

The strength by which the display complex is linked in the array should reflect the 
5 complementary sequence length of the DNA engaged in hybridisation. 

1) Poor processivity of the exonuclease during the single stranded DNA formation will 
lead to a reduced hybridisation capacity and linkage formation due to partial single- 
strandeness. This can be avoided by cutting the naked DNA: :tail display complexes 

10 with a restriction enzyme next to the DNA sequence that is engaged in hybridisation 
before the exo-nuclease treatment. Fuihtermore, by performing a strand elongation 
synthesis ( in parallel with the hybridisation step) using the hybridising strand as a 
primer the number of hydrogen bonds can be increased leading to a tighter linkage 
between the display entity (the tail) and the array spot. 

15 

2) When only small sequence stretches are available such as during peptide display in 
conjuncture with synthetic oligo nucleotide based arrays, strand elongation synthesis 
will be limited or impossible to perform. In this case the link can be made covalent 
during hybridisation by simultaneously performing a "DNA repair" synthesis and a 

20 ligation reaction to a specially designed hairpin containing complementary oligo 
nucleotide as outlined in the figure 8. In the presence of dNTP, thermophilic DNA 
polymerase as well as ligase the tail containing hybridising strand will act as a primer 
for DNA synthesis by strand elongations (3'- 5*) using the specially designed hairpin 
containing oligo nucleotide in the array as a template and the ligase will covalently link 

25 the display complex to the oligo nucleotide. In this case a unique restriction site should 
follow the display insert in order to allow priming from a perfect base pair match. 
Under these conditions an exo-S' nuclease has to be used instead of exoIII for single 
strand DNA foimation in order to provide a 3*OH group for priming the DNA 
synthesis. 

30 

Technology attributes - attractiveness. 

The technology integrates phage display with array technology and thus extends the use 
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of the established phage display technology. The uniqueness of the proposed technology 
is the integration of phage display and array technologies for protein presentation 
(proteomics) and functional genomics. Traditional phage display is expanding 
exponentially and is now an established technology, widely known and dispersed in 
5 academic research and in industry. Hence, the array display described here should be an 
attractive alternative to co-existing technologies that already are protected by patents. 

There are currently only two other technologies providing in solution display of 
peptides or proteins with a potential for self-assembly in array format. The Profusion™ 
10 /Hip-Chip™ technology (Phylos Inc, Lexington, Mass, USA) and the CDT technology 
(Isogenica Ltd, Cambridge, UK, www.isogenica.com) represents two such technology 
platform. The PROfusion™ technology, for example, allows the production of nucleic 
acid-protein display-complexes that potentially can be integrated in array formats by 
their Hip™ chip technology. 

15 

In summary the present invention establishes a novel soft and simple way (nucleic acid 
hybridisation) of assembling protein arrays. But most importantly, the concept also 
provides a unique way to link proteins to their genes by peptide or protein display in an 
array format. Hence, the present invention emerges as a technology platform for 

20 functional genomics, proteomics that relates to drug exploration - in constant demand 
by the pharmaceutical industry in their quest for novel drug candidates. Furthermore 
array formats like PAD can be developed into automated multi-channel diagnostic 
systems. The technology platform may also have a potential for use in combinatorial 
self-assembling processes and thus have implications for nano-science and the budding 

25 field of nano-technology. 
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CLAIMS 
1. 

A display virus complex exposing a naked nucleic acid comprising exogenous nucleic 
5 acid and its encoded peptide or polypeptide. 

2. 

The display virus complex of claim 1, wherein said naked nucleic acid is covalent 
linked to the protein it coded for. 

10 

3. 

The display virus complex of claim 1 or 2, wherein the said naked nucleic acid-virion 
protein display complexes are fabricated from head and tail containing virus 
particles by covalent cis-capture of the virion by the naked nucleic acid 
15 chromosome. 

4. 

The display virus complex of claims 1*3, wherein a purified stock/plaque of virus 
particles displaying the protein/peptide is the source of said naked nucleic 
20 acid-virion protein display complexes. 

5. 

The display virus complex of claims 1-4, wherein viral display libraries of 

proteins/peptides are the source of said naked nucleic acid-virion protein display 
25 complexes. 

6. 

The display virus complex of claims 1-5, wherein the displayed protein/peptide of the 
naked nucleic acid-virion protein display complex is a functional or a 
30 nonfunctional protein or a peptide. 
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7. 

The display virus complex of claims 1-6, wherein said naked nucleic acid comprises the 
nucleotide sequence coding the protein/peptide of claim 6. 

8. 

The display virus complex of claim 1-7, wherein said virus is a bacteriophage particle. 



9. 

The display virus complex of claim 8, wherein the bacteriophage particle is Lambda. 



The virus of claims 1-7, wherein said nucleic acid is a DNA or a RNA molecule. 
11. 

The virus of claim 10, wherein the DNA or RNA are single-stranded. 



A method of preparing covalently linked naked nucleic acid-protein display complexes 
from virus particles of claims 1-11, comprising at least the steps of: 

a) treating a freshly prepared virus preparation with cross linking chemical 

agents producing covalently linked naked nucleic acid-virus protein display complexes, 

b) coupling of the naked nucleic acid-vims protein display complexes 

to a solid support, by hybridising of the naked nucleic acid-virus protein display 
complexes against a complementary nucleic acid sequence in a array format and where 
said hybridisation leads to positioning the displayed protein/peptide to its own gene or 
related gene(s) . 

13. 

The method of claim 12 wherein said coupling in b) is performed by chemical cross 
linking agents to a solid support. 



The method of claim 12 or 13, wherein prior to the hybrdization step in b) the nucleic 
acid of the virus complex is cut with a restriction enzyme next to the DNA sequence 
that is engaged in the hybridisation before making the nucleic acid single stranded. 



14. 



wo 03/078628 




PCT/NO03/00088 



19 

15. 

The method of claim 14, wherein a strand elongation synthesisis is performed in parallel 
with the hybridisation step by using the hybridising strand as a primer. 

5 

16. The method of claim 14, wherein a DNA repair synthesis and a ligation reaction is 
performed simultanously to the hybridisation step by using a specially designed hairpin 
comprising complementary oligo nucleotides. 

10 17. 

The method of claims 12-16, wherein the said naked nucleic acid-virus protein display 
complexes are fabricated from head and tail containing virus particles by covalent cis- 
capture of the virion by the naked nucleic acid chromosome. 

15 18. 

The method of claims 12-17, wherein a purified stock/plaque of virus particles 
displaying the protein/peptide is the source of said naked nucleic 
acid-virion protein display complexes. 

20 19. 

The method of claims 12-18, wherein viral display libraries of proteins/peptides 
are the source of said naked nucleic acid- virion protein display complexes. 

20. 

25 The method of claims 12-19 wherein the displayed protein/peptide of the naked 
nucleic acid-virion protein display complex is a functional or a 
nonfunctional protein or a peptide. 



30 



21. 

The method of claims 1 2-20 wherein said naked nucleic acid comprises the 
nucleotide sequence coding the protein/peptide of claim 20. 
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22. 

The method of claims 12-22 wherein said solid support is in a array format, 
23, 

5 The method of claims 12-22 wherein the naked nucleic acid-virion protein complexes 
are kept in a solution for hybridisation purposes. 

24. 

The method of claims 12-23 wherein the bi-£unctional naked nucleic acid-virion 
10 protein display complexes can be formed by hybridisation. 

25. 

Use of the method of claims 12-24 in functional genomics, proteomics and in protein or 
peptide identification for the exploration of thenq^eutic drugs as well as in the search for 
1 5 new diagnostic procedures. 

26. 

Kit comprising the virus display complex of claims 1-1 1. 

20 



25 



30 
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FIG. 1 



The Trick 




From Chaiioraj and Inmui (1974) J. MoL Biol «7 1 1. 22 
see also Tlionias (1974) J. Mol. Biot Sf 1-9 
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FIG. 2 



Integrating Phage Display and 
Nucleic Acid Arriay Technologies 



• Creating a Naked Virion- 
DNA Display Complex 

• A DN A array 

• A Virion-DNA Display 
Complex Hybridizing to a 
DNA- Array Entry 
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FIG. 3 



1 2 3 4 




l:Xfag 

2:X120^.HCHO 

3:X120^IO%HCHO 

4:ADNA 
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FIG. 4 Asymmetric release of Lambda DNA chromosomes from Lambda phage 
particles 

Kpnl treatment of Lambda DNA: :tail/head complexes 




Kpnl Kpnl 



Gelelectiophoresis of Kpnl treated Lambda DNA::tail/head complexes 

1% 5% 10% X 1% 5% 10% X 

HCHO HCHO 
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FIG. 5 Auto addressing Lambda protein display in a DNA array format 
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FIG. 6 Display of Lambda proteins in a DNA array format 









Heat denatured 0X174 RF-DNA 
Heat denatured Lambda ONA 




0.9; 0^; 0,1; 0,03 ug 
0.9; 0.3; 0.1; 0,03 ug 




Naked Lambda ss- 
DNA::tai]/ head probe 


No probe 





Schematic representation of Phage Array Display 
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FIG 7. Display of Lambda proteins in a DNA array format as a function of probe 
concentration 
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FIG. 8 Covalent linkage of a display complex in an array spot 



>isplayed peptide/protein 
Display complex (naked ss-DNA::tail complex) 

Display insert Unique restriction site 




Synthetic dngonucleotide complementaiy to the display insert with a hairpin designed for covalent 
capture of the display complex. 



INTERNATIONAL S 



REPORT 



A. CLASSIFICATION OF SUBJECT IOTTTER 
IPC7: C12N 15/10. C07K 19/00, C12N 7/01,. C120 1/68 



International application H 
PCXm 03/00088 



1^ 



B. FIELDS SEARCHED 


Minimum documentation searched (dassiflcation system followed by dassifscaiion symbols) 




IPC7: C12N, C07K, C12N, C12Q 






Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


,SE,DK,FI,NO classes as above 






Electronic data base consulted during the international seardi (name of data base and, where practicable, search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Gtation of document, with indication, where appropiiate* of the relevant passages 


Relevant to claim No. 


X 


JUNE. Volume. 228, 1985, Smith GP. 

"Filamentous Fusion Phage: Novel Expression Vectors 
That Display Cloned Antigens on the Virion 
Surface", pages 1315-1317 


1-11 


A 


FEBS Letters, Volume 508, 2001, Ichiro Tabuchi et 
al, "An in vitro DNA virus for in vitro protein 
evoution". pages 309-312 


1-26 


A 


WO 9831700 Al (THE GENERAL HOSPITAL C(»^P0RATION) , 
23 July 1998 (23.07.98) 


12-26 


1 [ Further documents are listed in the continuation of Box C { )(| See patent family annex. 


* Special caiegcries of cited documents 

"A' documcDi defining the genera) ttate of the art uMdi is not consdcred 

to be of particular rdcvance 
'E' eariier applicatian or paioit but published on or after the iatemaiion^ 

filing date 

*L* document whidi may throw doubts on pnohty d£im(s) or which is 
dted to establish the publication dale of another dtatian or other 
special reason (as ^pedfioO 

'O' document refening to an oral (Gsdoaire, use, cadubitian or other 
means 

document puUidicd prior to the iBtemadanal filing dtfc but later than 
the priority date daimed 


T" later document puUidied t*er tiie intemalioiul filing date or priority 
date and not in conflict wfth the «pp]jcat}on but citeo to understand 
fte principle or thecry ui^«ri>ing the invention 

*X' document of particidar rtievance: tbe daimed invention cannot be 
conaderednovd or eannot be conadered to inwdve an inventive 
seep vAutt the doeumcnt if *jaen alone 

'Y* document of particular rtsevancc: the daimed invention cannoc be 
considered to involve an inveasive step vAnta the document is 
comfaitted mth one or more other ludi documents, sith combination 
being obvious to a person diUed in the ait 

'if doctmcnt monber of the xsse patent family 


Date of the actual completion of the international search 

19 Jun? 2003 


Date of moling of the international search report 

2 4 -06- 2003 


Name and mailing address of the ISA/ 
Swedish Patent OfRce 
Box 5055. S-102 42 STOCKHOLM 
FacsimUeNo. 4-46 8 666 02 86 


Authorized officer 

PATRICK ANDERSSON/BS 

Telephone No. -f 46 8 782 2S 00 



Form PCr/ISA/210 (tecond sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 
Information on paten jA^^ monbers 





Patent document 
cited in search report 



PuCucalicn 
date 



WO 



9831700 Al 23/07/98 



AU 



738328 B 



13/09/01 



AU 6241998 A 07/08/98 
CN 1251593 T 26/04/00 
EP 0971946 A 19/01/00 



JP 


2002513281 T 


08/05/02 


us 


6207446 B 


27/03/01 


us 


6214553 B 


10/04/01 


us 


6258558 B 


10/07/01 


us 


6261804 B 


17/07/01 


us 


6281344 B 


28/08/01 


us 


6518018 B 


11/02/03 


us 


2003022236 A 


30/01/03 


ZA 


9800489 A 


08/09/98 



IL 



131016 D 



00/00/00 



Form PCr/lSA/210 (patent family annex) (July 1998) 



